Background Outdoor free play is important for healthy growth and development in early childhood. Recent studies suggest that the majority of time spent in daycare is sedentary. The objective of this study was to determine whether there was an association between daycare attendance and parent-reported outdoor free play.
Background
Physical activity (PA) in early childhood is associated with decreased risk of overweight or obesity, and may prevent obesity-related health problems.
1,2 PA in early childhood has also been associated with improvements in gross motor and fine motor skill development, and reduced levels of chronic stress. 3 In the USA, the National Association for Sport and Physical Education (NASPE) 2009 guidelines recommended that toddlers (ages 1 -2 years) receive 30 min of PA per day and preschool children (ages 3 -5 years) receive at least 60 min of PA in unstructured and 60 min in structured activities per day. 4, 5 In 2012, the Canadian Society for Exercise Physiology released Canadian Physical Activity Guidelines (CPAG) for preschool-aged children, recommending that children aged 1 -5 receive a minimum of 180 min of PA per day. 6 Unlike in adolescents and adults, PA in young children occurs mainly through active free play, also referred to as active outdoor play, active play, unstructured free play and physically active play. 7, 8 Active free play usually occurs outdoors and has been associated with increased moderate-to vigorous-intensity physical activity (MVPA). 8 Other studies have shown that outdoor free play is strongly correlated with total PA levels in children younger than 5 years of age; 9, 10 therefore, it has been suggested that increasing a child's time outdoors may improve their total daily PA. 8, 11 Children younger than 5 years of age spend the majority of their time at home or in daycare settings, and thus, parents and daycare providers have a great influence on their PA. Recently, a systematic review investigated the effects of interventions promoting PA in the daycare setting; however, there was heterogeneity in the quality and methodology of studies. 12 Furthermore, the studies that reported an increase in PA, the amount was modest and still below recommended levels. 12 In Canada over the last two decades, enrollment of children ,5 years of age in preschool and daycare programs has increased. In 1994, 42% of children under 6 years were enrolled in some form of non-parental childcare, 13 and by 2011, the rate had risen to 54%.
14 Increased enrollment rates in daycare centers have also been seen in the USA and Western Europe. 15 -18 Attendance at daycare or preschool has been shown to be a determinant of total PA in young children, 9 in one study, explaining 46% of the variation in PA during the day. 19 Previous studies have shown that the majority of time within the daycare setting is spent sedentary. 11,20 -23 A review of high-quality studies from the USA and four European countries found, using both accelerometry and direct observation, typical levels of PA within daycare centers resulted in ,60 min of PA during an 8 h a day. 16 In a cross-sectional survey of caregivers in daycare centers in Calgary, Canada, only 14% reported that preschool children received 60 min of PA per day at their childcare center. 20 Data on PA outside of the daycare or preschool setting are limited for children in this young age group. 24 Some studies have shown preschool-aged children achieve adequate amounts of PA while others suggest that children ,5 years of age are not achieving levels of PA recommended by guidelines. 19, 20, 23 Studies have examined multiple factors associated with PA in children 3 -5 years of age; however these studies examined total levels of PA including daycare and home. 19, 25, 26 There is a paucity of PA research in children ,3 years of age; a systematic review identified only two studies that assessed PA in this age group but did not look at the effects of daycare. 15 It is uncertain whether there is an association between daycare attendance and duration of outdoor free play in young children, especially those who are younger than 3 years of age. Understanding the relationship between daycare attendance and outdoor free play may have an important impact on interventions to promote overall PA in young children. The purpose of this study was to determine whether daycare attendance, specifically at a daycare or preschool, was associated with a child's outdoor free play outside of daycare.
Methods

Participants
Parents of children aged 1 -5 years were recruited from The Applied Research Group for Kids (TARGet Kids!), a primary care-based research network in downtown Toronto, Ontario, Canada. 27 Recruitment into TARGet Kids! occurred at seven primary care practices, five pediatric and two family medicine practices; each having between 3 and 10 practicing physicians. Trained research assistants embedded in the practices obtained data from participating families at each well-child visit.
Study design
In this cross-sectional study, a parent or guardian of each child completed a survey of lifestyle and nutrition factors, and a trained research assistant completed anthropometric measurements (height/length, weight) of both parent and child. 27 The survey was developed by the primary investigators of TARGet Kids! based on the Canadian Health Measures Survey (CHMS). 28 The children included in this analysis were recruited from December 2008 until August 2011.
Main outcome
PA outside daycare was measured by parent self-report. The question asked was 'Aside from time in daycare and preschool, on a typical weekday, how much time does your child spend outside in "unstructured free play?"' Parents were instructed to provide their response in minutes per day.
Main exposure
The attendance and duration of time spent at a daycare or preschool was determined through two questions: (i) 'Is your child currently in a licensed daycare or preschool program?' (ii) '[If answered] Yes-Last week, how many hours did your child attend daycare or preschool?' Data on unlicensed daycares or preschools were not collected for this study. The primary exposure variable was daycare attendance, 'Yes' or 'No'. Daycare exposure was also measured two other ways, continuously by number of hours of daycare per week and categorically by amount of daycare; no daycare, part time (,30 h/week) or full time (30 hþ per week). These categorizations were created based on previous published reports from Statistics Canada. 13 
Covariates
The covariates identified as potential confounders in the relationship between daycare and outdoor free play included: child's age, child's sex, season when questionnaire was completed (November to April; May to October), maternal education level, maternal ethnicity, and median neighborhood income. All of these covariates were measured by self-report, except household income that was obtained from matching the child's postal code to the median neighborhood income from the 2006 Canadian Census. These covariates were selected a priori based on the previous literature.
9,29
Statistical analysis
Descriptive analyses of the main exposure, outcome variables and all covariates at baseline were conducted. Variables were assessed for normality using visual methods by examining histogram and quantile-quantile (Q-Q) plots. Student's t-test and x 2 tests were used to assess the difference of independent variables in means and proportions between primary exposure groups (attendance at daycare versus no attendance). Medians and interquartile ranges (IQRs) were used to report on variables that were shown to be non-normally distributed. The Wilcoxon Rank Sum (WRS) test was used to assess the difference between non-normally distributed variables and the primary exposure. A multivariable robust regression was used to determine the association between hours of daycare and parent-reported outdoor free play, adjusting for age, sex, maternal ethnicity, maternal education, neighborhood income and season. The robust regression was used to produce valid estimates in the presence of outliers, but limiting the effect these outliers have on the regression line without incorrectly removing them. This improved the model fit when we assessed the distribution of the residuals. In a secondary analysis, the association between attending daycare part time (,30 h per week) compared with full time (30 h or more per week) was also examined as well as hours of daycare attendance as a continuous variable. All three models used the same covariates. Interaction terms of daycare with age and sex were tested in the full adjusted model to determine any effect modification. An interaction term between daycare attendance and age was found to be significant; therefore, the results for each analysis were stratified into two age groups; 1 to ,3 years of age and !3 to 5 years of age.
Outcome variable sensitivity analysis
The model that had the best fit for the outcome of outdoor free play was a square root transformation. However, the results from such a transformation are challenging to interpret; 30 we therefore conducted a sensitivity analysis to determine whether the estimates changed using a robust regression model to limit the influence of outliers. The residuals from these models were both considered normally distributed. As such, we reported the models using a linear robust regression. 31 All statistical calculations were performed on SAS version 9.3 (SAS Institute, Cary, NC, USA).
Ethical considerations
Ethics approval for this study was sought from the Hospital for Sick Children and St Michael's Hospital. All parents provided informed consent to participate in this study.
Results
A total of 2810 children between 1 and 5 years of age were included in this analysis. Figure 1 shows the recruitment flow chart of included participants. Table 1 shows the demographic characteristics of participants by daycare attendance at the time of recruitment into TARGet Kids! Overall, 43.7% of children attended daycare; however, this varied by age, with 67.4% of children aged 3 -5 attending daycare. Children spent a median of 60 min per day (IQR 30 -75 min) in outdoor free play; those children who attended daycare spent a median of 45 min (IQR 30 -60 min) and those not in any daycare spent a median of 60 min (IQR 30 -90); this difference was statistically significant (P-value ,0.01). Children with mothers who had a college or university degree were more likely to attend daycare. In the study sample, the mother of the child was respondent for the majority of questionnaires completed (84%), and this was not significantly different between those whose children attending daycare or not.
In the first adjusted analysis shown in Table 2 , attending daycare was associated with a shorter duration of outdoor free play by 14.7 min per day (95% CI 8.9, 20.5; P , 0.01) for children 1 -2 years old and 9.4 min per day (95% CI 5.2, Eligible 7554
Consent obtained 3447
Did not consent 4107
Outdoor free play reported 2810
Question on outdoor free play not completed 637 IMPACT OF DAYCARE ATTENDANCE ON OUTDOOR FREE PLAY 13.7; P , 0.01) for children 3-5 years. Sex of the child and maternal education were not significantly associated with the impact of daycare on outdoor free play in either age group. In the older age group, East, Southeast or South Asian maternal ethnicity was associated with less outdoor free play compared with Caucasian ethnicity; however, this was not significant in the younger age group. As expected, levels of outdoor free play were significantly lower in fall/winter compared with spring/summer. The results were consistent when examining the association between part time and full time compared with no daycare (Table 3) . Children 1 to ,3 years attending daycare full time had 22 min less (95% CI 229.0, 215.0; P , 0.01) outdoor free play at home compared with children not attending daycare. Three-to 5-year-old children had 15 min less (95% CI 220.6, 210.2; P , 0.01) outdoor free play at home when attending daycare full time. There was a small but statistically significant association between hours spent in daycare as a continuous variable and outdoor free play. For children 1 to ,3 years of age, for every extra hour of daycare attended per week, they had 0.6 min (95% CI 20.7, 20.4; P , 0.01) less outdoor free play at home. For children !3 to 5 years of age, for every extra hour of daycare attended per week, they had 0.4 min (95% CI 20.5, 20.3; P , 0.01) less outdoor free play at home. Therefore, for every extra full day of daycare, the average child in our cohort would participate in 3 to 4 min less outdoor free play per day depending on age.
Discussion
Main findings
This is the first study to date to examine the impact of daycare attendance on outdoor free play outside of daycare in young children. This study demonstrates that increased time spent in daycare in children 1 -5 years of age is associated with shorter JOURNAL OF PUBLIC HEALTH durations of outdoor free play outside of time spent in daycare. Depending on age, the duration of outdoor free play was reduced by 9 -15 min per day when children attended any amount of daycare. This study also found that children who attend daycare full time had between 15 and 22 min less outdoor free play compared with children who do not attend daycare. The association was not statistically significant for those children attending daycare part time compared with those who do not attend. The current PA guidelines recommend between 180 min of any PA for children 0 -4 years of age and 60 min of MVPA for children older than 5 years. Therefore, a difference of 15 min ( 10 and 25% of the recommended guidelines) of outdoor free play may make an important impact on children getting the recommended overall amount of PA.
What is already known on this topic?
The finding that children attending full-time daycare spend less time in outdoor free play is important as previous research on childcare in Canada shows a third of preschoolaged children attend daycare as their main childcare arrangement, and 47% of children are in their main childcare arrangement full time (30þ h/week). 14 Likewise in the USA, 40% of children aged 3 and 4, whose mothers' are employed, are in non-parental childcare for over 35 h per week. 19 Previous studies have shown levels of PA in daycare and preschools vary greatly depending on the child care setting, 19, 23 and that time spent in daycare is mostly sedentary, an important finding for parents and public health practitioners. 16, 19, 20, 23 We hypothesize that parents may expect that their children's daycare center or preschool provides PA opportunities or that Interpretation: In children 1 to ,3 years old, there was a 14.7 min decrease per day of outdoor free play in those who attended daycare compared with no daycare attendance. In children !3 to 5 years old, there was a 9.44 min decrease per day of outdoor free play in those who attended daycare compared with no daycare attendance. IMPACT OF DAYCARE ATTENDANCE ON OUTDOOR FREE PLAY their children are generally active during daycare and are less inclined to engage preschoolers in PA at home. However, one randomized controlled trial in Latino preschool children from low-income families demonstrated that increasing recess time for outdoor free play did not increase total PA levels per day. 32 The authors suggested that the increased outdoor free play in daycare could lead to reduced PA outside of school resulting in no overall increase of total daily PA. 32 Although this study used accelerometers to measure PA, the study was limited by a small sample (n ¼ 32) and a short duration of the intervention which may have reduced the power to detect an effect. A systematic review examining interventions to increase PA in childcare settings found 61% of interventions increased PA. 12 Therefore, efforts should still be made to offer opportunities for outdoor free play whenever possible. It has been demonstrated in older children that parents overestimate the amount of PA their children receive each day and are less likely to encourage PA under the assumption their children are active already. 33 Parents often describe their children as naturally active, and the preschool age in particular is viewed as being an 'active' age. 34, 35 In addition, a nationally representative study in the USA found that preschool-aged children were not getting taken outdoors by their parents in home-based child care settings. 36 As such, it is crucial that parents understand the importance of time spent in outdoor free play for their children as well as ensuring daycare centers have appropriate policies and practices to promote PA for young children. 37, 38 What this study adds?
The findings of this study complement previous research on PA within the daycare setting by examining the levels of outdoor free play outside of daycare among children with differing daycare attendance. 22, 39, 40 It is plausible that parents of children in daycare are relying on the time in daycare for their children to receive adequate opportunities for PA. There is evidence that parents of preschoolers recognize the importance of encouraging proper PA habits at a young age. 41, 42 However, time constraint at home is often reported as an important barrier to PA. 43 It is reasonable to speculate that the more time a child spends in daycare, the less time they have with their parents to engage in PA.
In this study, we also demonstrated the impact of maternal ethnicity on outdoor free play. East Asian and South Asian/ Southeast Asian maternal ethnicity in the older age group were significantly associated with less outdoor free play compared with Caucasian maternal ethnicity. One previous study in Canada found similar significant differences in ethnicity, particularly in East and South East Asian children. 44 However, this study was in older children (Grades 6 -10), which may explain our finding a difference within the older age group and not the younger group. We found that income and education did not impact the relationship between time in daycare and outdoor free play. Contrary to previous literature on PA in preschool-aged children showing boys achieve higher levels of PA than girls, 25, 45 no difference was found between sexes. The association of season on outdoor free play was in the expected direction, and the effect was of a higher magnitude than daycare attendance. Interventions to mitigate the effect of season on early childhood PA may include promoting the importance of active free play 38 in both indoor and outdoor environments outside of daycare in the winter months, as well as requiring daycare centers to have adequate space both indoors and outdoors to engage in PA for those children who attend daycare. 9, 19 This research highlights the need for high-quality PA opportunities outside daycare, because children may not be achieving the recommended amounts at home. As .50% of Canadian children between the ages of 6 months and 5 years are enrolled in some form of childcare for an average of 6 h a day, 13 introduction of effective interventions and policies is needed to ensure adequate PA opportunities in all settings including daycare. 9 
Limitations
The most significant limitation in this study is possible measurement error of duration of outdoor free play reported by the parent of the children. We understand that parents who have children in full-time daycare have less opportunity to see their children throughout the day and may report less outdoor free play compared with parents who are home. This potential under-reporting in the group who attend daycare may overestimate the magnitude of the findings. There may have been some social desirability bias for parents to over-report their children's outdoor free play; however, we believe this bias would be equal among those who attend daycare and not and would only strengthen the findings. It may also be difficult for parents to quantify free play for children within younger age groups, especially in the 1-2 year olds. However, in one study in preschool children, parent-reported measures of outdoor free play correlated moderately to accelerometry measured PA in young children. 46 Similar results were found in a study using TARGet Kids! Data. 47 No standardized questionnaire has been developed and sufficiently validated for PA or outdoor free play assessment in preschool-age children from 1 to 5 years old. 48 An objective measure of PA such as accelerometry would be ideal, but not feasible in the current TARGet Kids! study protocols for such a large sample of children. An important limitation is the lack of information on weekend day outdoor free play; it is possible that parents of children who attend daycare encourage outdoor playtime to a greater extent that those who do not attend daycare. We collected no data on potential confounders such as paternal ethnicity and education level, and there was no data collected on unlicensed daycare use. The most recent version of the TARGet Kids! survey includes more extensive questions on unlicensed daycare and will be used in future studies evaluating the health effects of early childcare settings. Finally, since the study design was cross-sectional, causation cannot be inferred.
Conclusion
Daycare attendance was associated with decreased outdoor free play at home. Children participated in significantly less outdoor free play per day when they attended daycare full time. This study's findings coupled with the evidence from the literature that the majority of time spent in daycare is sedentary demonstrate the importance of understanding opportunities for PA in children's environments. Interventions to promote PA in young children need to take daycare into consideration as well as improving access of PA in the home setting and factors that may impact this access including season.
